SMART PANEL FOR DECREASING NOISE IN WIDE BAND FREQUENCY 
BACKGROUND OF THE INVENTION 



Field of the Invention 

[0001] The present invention relates to a soundproof panel, and in particular to a 

smart panel capable of decreasing a noise in a wide band frequency. 

Description of the Background Art 

[0002] Generally, a panel is formed of a board member(or a board structure) or a 

combined member of a board member and a sound absorption member or two kinds of 
board members and a sound absorption member. The above-described panel has an 
insertion loss decreased in a resonance frequency of a board member. As the use of a 
sound absorption is increased, an insertion loss is increased in an intermediate frequency 
and a high frequency band. An insertion loss of a panel having a double board member is 
increased compared to a panel of a single board member. The insertion loss may be 
decreased in a resonance frequency of a space formed by a board member and two board 
members. 

[0003] Namely, the insertion loss of the panel may be increased in an 

intermediate/high frequency band by coupling an absorption member with a board 
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member. In this case, it is impossible to prevent a decrease of an insertion loss in a 
resonance frequency of a panel. 

[0004] In order to prevent the decrease of an insertion loss in a resonance 

frequency, there is a method in which a viscoelasticity member is attached to a board 
member. However, since the elastic member has a characteristic in which the 
viscoelasticity characteristic is decreased in a wide frequency region. Therefore, it is 
impossible to obtain a certain characteristic which is proper to a certain frequency. In 
addition, the weight of the board member is increased due to a viscoelasticity member 
attached for increasing the decreasing effect of the viscoelasticity characteristic. The 
increase of the mass may cause an additional driving force for a transfer mechanism for 
thereby decreasing the performance of the system. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present invention to provide a smart panel 

for decreasing a noise in a wide band frequency which is capable of maximizing a 
soundproof effect by preventing a decrease of an insertion loss in a resonance frequency 
of a board structure. 

[0006] It is another object of the present invention to provide a smart panel for 

decreasing a noise in a wide band frequency which is capable of increasing an insertion 



loss in a resonance frequency of a board structure and maximizing a soundproof effect by 
increasing an insertion loss in an intermediate/high frequency band. 
[0007] In the present invention, a piezoelectric member connected with a shunt 

circuit is attached to the board structure, and a piezoelectric damping effect is obtained for 
changing an electric energy which occurs in the piezoelectric member into a thermal 
energy based on a tuning operation of the shunt circuit for thereby maximizing the 
insertion loss at the resonance frequency of the board structure. 
[0008] To achieve the above objects, there is provided a smart panel for decreasing 

a noise in a wide band frequency which includes a board structure for decreasing a noise 
of an audible frequency band, a sound absorption member attached to one surface of the 
board structure for decreasing a noise of an audible frequency band, and a piezoelectric 
unit attached to the board structure for decreasing the noise when the same audible 
frequency as the resonance frequency of the board structure is propagated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention will become better understood with reference to the 

accompanying drawings which are given only by way of illustration and thus are not 
limitative of the present invention, wherein: 

[0010] Figure 1 is a view illustrating a smart panel according to an embodiment of 



the present invention; 

[0011] Figure 2 is an equivalent circuit diagram illustrating an electrical 

characteristic of a piezoelectric member according to the present invention; 

[0012] Figure 3 is a view illustrating a shunt circuit of Figure 1; and 

[0013] Figure 4 is a view illustrating a smart panel according to another 

embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0014] Figure 1 is a view illustrating a smart panel according to an embodiment of 

the present invention, Figure 2 is an equivalent circuit diagram illustrating an electrical 
characteristic of a piezoelectric member according to the present invention, and Figure 3 
is a view illustrating a shunt circuit of Figure 1. 

[0015] A smart panel according to an embodiment of the present invention includes 

a board structure 1, a sound absorption member 2, a piezoelectric member 3, and a shunt 
circuit 4. The board structure 1 supports the sound absorption member and decreases a 
noise in an audible frequency band. The sound absorption member 2 is attached to one side 
of the board structure 1 for decreasing a noise of an audible frequency band. A 
piezoelectric unit includes a plurality of piezoelectric members 3 attached to another side 
of the board structure 1 , and a shunt circuit 4 electrically connected with each piezoelectric 



member 3 for increasing an insertion loss(namely , a soundproofing effect) in the resonance 
frequency of the board structure 1. The piezoelectric member 3 and the shunt circuit 4 are 
connected for obtaining a maximum soundproof effect by measuring an electrical 
impedance value of the piezoelectric member 3 attached to the board structure 1 and 
adjusting the impedance value through the shunt circuit 4 for thereby implementing an 
electrical resonance 

[0016] The operation of the smart panel according to the present invention will be 

explained. When a sound and vibration energy which transfers energy in a noise form 
reaches at the smart panel, a part of the energy is absorbed by the board structure 1, and 
almost part of the noise having a certain audible frequency band is absorbed by the sound 
absorption member 2. However, the noise having a resonance frequency of the board 
structure 1 is not absorbed by the s mart y^panel but transmits. In order overcome the above 
problems, the piezoelect4ric member 3 is attached to the board structure 1. At this time, 
the piezoelectric member 3 is preferably attached to an anti-nodal point which generates 
a maximum displacement of the board structure 1. Here, the points which generate the 
maximum displacement correspond to the points which maximize the insertion loss. 
Generally, it represents that the vibration of the board member is highest. However, when 
the frequency is varied, the position is changed. Therefore, an optimization method is 
used. When the excitation frequency range is determined, the vibration mode which 



generates the sound in maximum is checked in the above range for thereby determining 
the anti-nodal point of the mode in which the sound generation is maximized. If there are 
a plurality of modes in the excitation frequency range, it is difficult to determine. 
Therefore, the points are optimized. The piezoelectric member 3 is attached to the board 
structure 1. When the noise having a resonance frequency component of the smart panel 
transfers the pressure to the piezoelectric member 3, the vibration energy and sound energy 
are converted into an electrical energy by the piezoelectric member 3. As shown in Figure 
2, the piezoelectric member 3 may be formed of a resistor, an inductor, and a capacitor. 
[0017] If a resonance does not occur in the piezoelectric member 3 , it is impossible 

to receive the vibration and noise in a maximum energy which is received by the 
piezoelectric member3. In order to overcome the above problem, the shunt circuit 4 is 
connected with the piezoelectric member 3. The shunt circuit 4 is tuned so that an 
electrical resonance occurs together with the electric component of the piezoelectric 
member 3, so that the piezoelectric member. 3 absorbs the maximum energy amount. 
Namely, the characteristic of the shunt circuit 4 obtains a noise reduction effect in the 
board structure having different resonance frequency. 

[0018] The tuning method for obtaining an electric resonance by the piezoelectric 

unit will be explained. The piezoelectric member 3 is attached to the board structure 1 , and 
then an electric impedance is measured at the piezoelectric member 3. The sizes of the 



resistor R and the inductor L of the shunt circuit 4 are adjusted so that the board structure 
1 has an electric resonance based on the measured impedance. A plurality of the 
piezoelectric members 3 are attached at the maximum displacement point of the l>oard 
structure film 1, and then an electric impedance is measured using the impedance 
measuring unit. The measured impedance of the piezoelectric member 3 is formed in ^van 

"dykemodel which is an equivalent circuit mode of the piezoelectric member 3 based on 

/ 

the electric impedance of the piezoelectric member 3 attached to the board structure 1. 
Each coefficient of the Van dyke model is obtained using an exclusive program. As shown 
in Figure 3, the shunt circuit 4 is a circuit in which the resistor R and the inductor L are 
connected in series or in parallel. The shunt circuit 4 is connected with the Van Dyke 
model which represents each resonance mode of the board structure 1. The values of the 
resistor R and the inductor L of the shunt circuit 4 are designed for thereby obtaining the 
maximum electric energy value. Namely, it is designed so that the electric resonance is 
obtained. The above tuning process is performed with respect to each resonance mode, so 
that it is possible to implement an electric resonance with respect to the multiple mode. 
[0019] Figure 4 is a view illustrating the smart panel according to another 

embodiment of the present invention. The smart panel according to another embodiment 
of the present invention includes a plurality of board structures 1 which are distanced from 
each other by a certain distance, a sound absorption member 2 attached one board structure 



1 among the opposite board structures 1 for forming an air layer 5 between the remaining 
board structures 1, and a piezoelectric member 3 and a shunt circuit 4 of the piezoelectric 
unit. The board structures 1 decrease the noise of the audible frequency band, and the 
sound absorption member 3 is attached to an inner surface of one board structure 1 among 
the board structures 1 for thereby decreasing the noise of the audible frequency band. The 
piezoelectric member 3 which is a component of the piezoelectric unit is attached to the 
opposite surface of the board structure 1 . Each shunt circuit 4 is electrically connected with 
the piezoelectric member 3 attached to the board structure 1. 

[0020] The electric impedance value of the piezoelectric member 3 attached to the 

board structure 1 of Figure 1 is measured with respect to the smart panel as shown in 
Figure 4, and then the impedance value is adjusted through the shunt circuit 4 for thereby 
obtaining an electric resonance, whereby it is possible to obtain the maximum soundproof 
effect. 

[0021] In the above embodiments of the present invention, the air layer 5 is formed 

between the sound absorption member 2 and the board structure 1 as shown in Figure 4. 
In a preferred embodiment of the present invention, the smart panel may be implemented 
by inserting the sound absorption member 2 between the board structures 1 without forming 
the air layer 5. 
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[0022] Ad described above, in the present invention, it is possible to maximize the 

soundproof effect by preventing the insertion loss decrease in the board strufture resonance 
frequency by electrically resonating the piezoelectric member attached to the board 
structure through the shunt circuit. In addition, the performance of the smart panel may 
be maximized by easily implementing the piezoelectric reduction with respect to the 
multiple modes of the board structure. 

[0023] As the present invention may be embodied in several forms without 

departing from the spirit or essential characteristics thereof, it should also be understood 
that the above-described embodiments are not limited by any of the details of the foregoing 
description, unless otherwise specified, but rather should be construed broadly within its 
spirit and scope as defined in the appended claims, and therefore all changes and 
modifications that fall within the meets and bounds of the claims, or equivalences of such 
meets and bounds are therefore intended to be embraced by the appended claims. 



